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Abstract 
Biological investigations were carried out on entomophagous parasitoids of leafhopper eggs associated with Juncus in 
South Wales, U.K.. The hosts and parasitoids were reared in cages in greenhouse at the temperature of 22 C. The life 
cycle and seasonal changes of Anagrus were examined in the laboratory and in the field. Process of emergence, movement, 
searching for host eggs, copulation, and oviposition were also observed. Five species of Anagrus were found parasitizing 
leafhopper eggs. The ratio of males to females was found about one to one. The possibility of infestation depends highly 
on host eggs laid in living plant tissues. A female contains about 46 ovarial eggs but only 50% are laid in host eggs. In 
laboratory condition (+22 C) the period of development is about 15 to 20 days for one generation but in natural condition 
in May and June the first two generations require about 25 to 55 days each. 
The adult parasitoids disappear at the beginning of cold weather which starts by the middle of October to middle of 
November. Their development stages spend the winter in the host eggs. The Mymarids produce a high infestation rate of 
host eggs (often 50 to 70%). Some of their hosts such as Cicadella viridis (L.) (Cicadellidae) and Conomelus anceps 
Germar (Delphacidae) are important pests. Five closely related species found during investigation attacking leafhopper 
eggs in Juncus stems are Anagrus ensifer Debauche, A. breviphragma Sokya, , A. incarnatus Haliday, Anagrus sp. A and 
Anagrus sp. B. This preliminary nomenclature is used because the taxonomy of this group is complex and species 
identification is difficult. Anagrus species emerged during investigations were found to be highly specific. Each species 
was restricted to the eggs of one host species in Juncus. Anagrus ensifer Debauche and A. breviphragma Sokya were 
found to be gregarious, the remaining species as solitarious. Egg parasitoids have the advantage that they attack the early 
life history stages of the pests before damage can be done. The relatively high rate of reproduction, and the short period of 
development are the main reasons for the great efficiency of these parasites. 
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1. Introduction 
Members of the family Mymaridae, commonly known as ‘Fairy flies’, constitute an important group of 
parasitic Hymenoptera.  All the members of the family Mymaridae so far as is known are parasitic in habit 
and develop in the eggs of other insects, particularly of Hemiptera, but also of Lepidoptera, Odonata, 
Coleoptera and Psocoptera (Subba Rao & Hayat, 1983). 
While Mymarids are extremely small egg parasitoid wasps, due to their impact on population dynamics of 
leafhoppers, a number of studies have been conducted on them and they have been frequently used as agents 
in the biological control of insect pests of agricultural crops.  Egg parasitoids have the advantage that they 
attack the early life history stages of the pests before damage can be done.  They are not only cosmopolitan in 
their distribution but also found in abundance. 
The taxonomy  of Anagrus species is not clearly understood, possibly because of their minute size and 
consequently not easily recognized and collected.  The biological data in the taxonomy of these minute insects 
will certainly play an important role in separating closely related species.  It is, therefore, essential to study 
their biology and behaviour including oviposition, mating and reproduction because it is always possible that 
they may consists of several biological species with little morphological differentiation. 
In the present work five species of Anagrus have been recognized attacking leafhopper eggs associated 
with Juncus in South Wales.  The description given by Walker (1979) for  the species A. mutans walker (=A. 
incarnatus Haliday), A. silwoodensis Walker (=A. breviphragma Sokya) and A. ensifer Debauche apply well 
on the material under study.  Anagrus species A and B differ distinctly from the species described by Haliday 
(1833), Debauche (1948) and Walker (1979).  This preliminary nomenclature is used because the taxonomy 
of this group is complex and species identification is difficult.  
Anagrus breviphragma, formerly known as Anagrus silwoodensis Walker, is a widely distributed and 
polyphagous species.  The earlier distributional data indicates that this species was Neartic (with records for 
Italy, France, Germany, Great Britain and Austria), but a recent review of the genus Anagrus by Triapitsyn 
(1997) in America south of the United States demonstrated that this species is present in the Neotropical 
Region too.   
Taking into consideration the lack of information on the biology of this wasp and the economic importance 
of its host, the present study was aimed to provide data on its biology incuding egg-laying behaviour, duration 
of developmental stages, sex ratio and longevity of A. breviphragma reared from eggs of Cicadella viridis  as 
the leafhopper host. 
2. Materials and Methodology 
1.1. Sources of leafhopper eggs: 
1.1.1. Field Material :  
Juncus plants were collected fortnightly from different localities: Caerphilly, Glarnorgan(a hilly area at 
120 M), Cleppa Park Research Station Castleton (situated in plain area) and Brecon Baecon(situated at almost 
350 M) in South Wales during April and May 1985. The plants were found to be attacked by more than one 
species of leafhopper. The stems with oviposition scars left by three host species were cut close to the root as 
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they are easily seen. The eggs were situated within the stems. Most of the stems were found devoid of 
parasitized eggs and these were kept as source of unparasitized eggs for other experiments. 
1.1.2. Host Culture 
Leafhoppers were also reared under laboratory condition and allowed to oviposit eggs in Juncus plants. 
Juncus plants collected during overwintering period were put in pots containing soil. The pots were placed in 
plastic bases and covered with long transparent plastic cylinders. The insect rearing cages were designed to 
have two holes for ventilation on the sides with a perforated metal cover on top. The side apertures and 
perforated covers were covered by fine muslin. Two holes of 2 cm diameter were also made for watering the 
plants and for transferring insects from inside to out and vice versa.  
1.2. Sources of parasites: 
Juncus plants infested by leafhopper eggs were stripped of plant debris. They were then washed and put in 
a pot containing soil and covered with plastic cylinder having a tube on top of it. The pots were placed in a 
tub containing water in greenhouse at the temperature of 22 C for successful emergence of hosts and parasites. 
The plastic cages except tubes were covered with black sheets in order to collect the parasites in the tubes as 
they are attracted towards the light.  
The parasitized eggs were removed carefully from the stems with the help of forcep and fine brush and 
classified according to host and site. The epidermis of stem was cut and peeled by hands to avoid damaging 
the eggs. The parasitized eggs were transferred to plastic petri-dishes (l.3x9 cm) having a thin layer of moist 
Plaster of Paris and a strip of filter paper. A few drops of water were added every two days to keep the petri-
dishes moist as the right amount of moisture is essential for successful emergence of egg parasitoids. 
3. Results and Discussion 
Biology of Anagrus breviphragma Sokya 
Mating: As soon as  emergence took place, both male and female were found ready to mate although 
female can reproduce parthenogenetically. The  male moved around in search of  female and mating occurred 
as soon as the female was found. 3-4 males were commonly observed around one virgin female. Each mating 
took around 5-10 seconds. After mating, the female departed and showed no eagerness for second time.   
Oviposition behaviour and parasitism: The oviposition of A. breviphragma begins immediately after adult 
emergence, so it is proovigenic.  The egg is laid into that of the host and the entire larval and pupal life is 
spent there. A. breviphragma limits their attacks to eggs that are only one to three days old and is not capable 
of maturing in eggs containing advanced embryos. 
When females were introduced into Petri dishes containing the host eggs, before searching for host eggs, 
the females usually cleaned their body or rapidly tapped the wall with their antennae while walking on the 
wall or on the plants.  In many cases, however, females began to search rapidly by tapping the surface 
continuously and quickly with tips of antennae to detect host eggs. Some females were observed to walk very 
close to the position of an egg until the antennae touched the convex surface over the egg.  When an egg was 
encountered, the female stopped and tapped the surface repeatedly with the antennae.   
When both parasitized and unparasitized eggs were simultaneously provided to a female, it could 
distinguish between them before probing with the ovipositor. On finding an unparasitized egg, the process of 
oviposition started. The female tapped the egg surface, positioned the tip of the abdomen on the host egg and 
moved her abdomen up and down and the ovipositor was then extruded and inserted through the cuticle. If the 
developmental stage of egg was adequate, the female thrusted the ovipositor, then withdrew it after egg laying. 
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Females found the eggs quickly and became in oviposition state in first five minutes.  In laboratory, the 
average of parasitism was 64.28% and differences were noted when eggs of different maturation stages were 
exposed (Table 1).  
It was possible to observe that the movement of larva remained for three or four days and during this time 
the eggs became first light orange and then turned to reddish. So, those eggs containing advance larvae and 
pupae become distinct by the orange or red coloration.  Pupation takes place inside the host eggs. The body of 
the pupa was visible through the transparent egg shell of the host.   
Fecundity: Anagrus breviphragma can produce sexually and partheogenetically. In case of mated female 
both female and male offsprings were developed from eggs laid, the former being dominant. The total number 
of eggs laid by 10 females was 477 being the average per female 47.7. 
Sex ratio: The sex ratio of the offsprings developed from eggs laid by 10 females were determined.  In 
each case the females dominated the males to some extent. In the laboratory the offspring of A. breviphragma 
had a sex ratio of 1.24:1 (female/male) (Table 2). 
Parthenogenesis: Mode of parthenogenetic reproduction of 10 unmated females were studied. The average 
number of eggs laid by an unmated female was 32.7 (Table 3). All the offsprings emerged from the eggs of 
unmated females were males.  Thus Anagrus breviphragma is also an arrhenotokous parasitoid like that of A. 
ensifer and A. incarnatus. 
Longevity: Adult longevity averages around 5 days but it was variable with few individuals surviving more 
than 10 days. Females lived longer than males and the imagoes emerged from one-day-old eggs seem to live 
longer. 
Table 1. Total average of parasitism (%) by Anagrus breviphragma attacking various developmental stages of eggs under laboratory 
conditions 
Developmental stage Eggs exposed Eggs parasitized 
General 683 439 (64.27) 
1 day old 267   187 (70.03) 
2 days old 253 170  (67.19) 
3 days old 163 82 (50.30) 
 
Table 2. Estimated number of eggs laid by 10 mated females of Anagrus breviphragma and their sex ratio 
Sample No.                 No. of parasitoids Total Parasitoids       Sex ratio 
Female : Male Female Male 
1 17 15 32 1.13:1 
2 14 10 24 1.40:1 
3 34 30 64 1.13:1 
4 19 14 33 1.35:1 
5 20 16 36 1.25:1 
6 37 34 71 1.09:1 
7 32 27 59 1.18:1 
8 36 29 65 1.24:1 
9 21 17 38 1.23:1 
10 29 26 55 1.12:1 
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Table 3. Estimated number of eggs laid by 10 unmated females of Anagrus breviphragma 
Sample No.                             Estimated number of eggs laid per female 
                   Female                                                                  Male 
1 0 44 
2 0 32 
3 0 36 
4 0 38 
5 0 28 
6 0 34 
7 0 27 
8 0 37 
9 0 26 
10 0 25 
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